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(54) ( Title of the Ihvation ] Load Srasing Device 
(57) . [Smhmaiy] 

{ Object ] To sense the tme load torque of a rotational load without the use of a coupler 
ortheUke. 

1 Omqiosition ] The device comprises a cylindrical imernd rotaiy member 
driven by a drive source; a cylindrical intemiediate rotary member rotaSably driven by the 
intmial rotary mraibe^ a ^lindrical Vernal rotary moiber driven by tiie intmnediate 
rotary memb^ and caused to rotate togeth^ with atotating load; a first cam member 
provided to the peripheral sur&ce of the internal rotary member; a second cam mCTber 
provided to the peripheral sur&ce of tiie intermediate rotary member and caused to 
. engage the first cam member and to move along the rotational axis thereof; a 



potffltiCTieteT for sCTsiog the diq>laoement of the second earn member; fixst splines 
provided to the external pcariphml sur&ce of the intennediate rotaiy memba-; and second 
splines provided to the intenial perq)h€i:al suffice of fl» 

meshed with &e first splines, wherein the rotational drive force of die internal rotary 
member is transznitted to the exteriial rotary member via the first cam second 
cam member, , first splines, and second splines. 




. .Key l.'hgbgbdl la: spline. 2: internal duce-stq) shift gea^ 2a: sIo{^ 
. 3:tcnque^eQsmgpiece,3a:sk»inngGani,3b:notc^ 

5: potentiometer, Sa: rod, Sc: roim^ 

[Claims] 

[ Claim 1] A load s»siiig device, characterized by con^nisuig: 

a cylindrical intezrud rotary membCT rotatably driven by a drive source; 

a cylindrical intemiediate rotary member rotatab^ driven by the internal rotary 
member; 

. a cylindricd external rotary memb^ driven by the intermediate rotary member 
and caused to rotate together with a rotating load; 

. a&st cam membo: provided to the peripheral sur&ce of the intCTial rotary 
member; 
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1^ second cam member provided to the pesqiheral sui£ice of flie intomediate 
rotary member and caused to engage the fiist cam member and to move along the 
rotational axis tiiereof» 

. a potentiomel^ for sensing the di^lacementofthe second cam mCT^^ 

first splines provided to die external peripheral surface of the intomediate rotaiy 
memb^ and 

second splines provided to the intonal pmpheral sur&ce of the external rotaiy 
. monber and medied with &e first splines, iniierom&erot^ 

intenud rotarymember is transmitted to the external rotaiy member via the first cam 
. . member, second cam member, first ^linesy and second ^lines* 

[Claim2] A load sensing device as defined in Qaim 1, dianicterized in that die rotatii^ 
load is the load of the drive wheel of a bicycle. 

{Claim3] A load soising device as defined in Claim 2, charactoized in tiia^ 
rotary memh& is flie oa^ut jacket of an internal ^fter. 

[Claim4] A load sensiiig device as defined in Claim 1, characterized in that the first 
and second cam members arc sloping cams in eogagement wifli each othor, 

[ Detailed Description of the Invention ] 
[0001] 

[Todmotogical Field of file Invention] The present invention rolates to a load sensing 
device suitable for sensing loads in electrically assisted bicycles, 

[00021 

[ Prior Art ] In a conventional electrically assisted bicycle, fiie drive toxque of the bottom 
bnkjcet axle is smsed, and the bottiom bracket axle is drivmb^ The 
.. resnltis that in bicycles wifii sfaifiers, the sensed torque .value varies wifii die position of 
theshifigear. For cxaii)ple,8clectii]g a heavier (higher) gear wifi result in a larger 1^ 
being soised in tlK same travel state (upward slope or the Uke). In addition, coi^lers and 
other auxiliary medianism are needed in ord^ to receive signals fiom rotating objects, 

[0003] 

. [Problcms WhichthelnvCTtionlsInt^idedtoSolve] Thus, selecting a heavier (higher) 
: gear in.a conventional lectrically assisted bicycle causes a larger load to be sensed and a 
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more powerful drive cunent to flow in (he same travel state, lesultiiig in piematare 
battery dischaige. 



[ 0004 ] An object of the present invention, which was perfected because of the existence 
of the above-described drawbacks, is to provide a load sensing device for sensing the true 
load torque of a rotational load without the use of a coiplor or the like. 

[0005] 

[Means Used to Solve the Above-Mentioned Problems] Aimed at attaining the stated 
c4>ject, the load soising device of ibe present inventicm conqirises a cylindrical internal 
rotary memba*rotatably drivm by a drive source; a cylindrical ixiiermediate rotary 
member rotatably driven by the internal rotary member; a cylindrical external rotary 
member driven by ttie intemiediaterotary member and caused to rotate together with a 
rotating load; a first cam motiber provided to tiie perqdietal surfice of tbe intenud rotary 
Qiemba;.a second cam monber provided to the peripheral surface of the intennediate 
rotary .membor and caused to oigage the first cam member and to rnove akmg the 
rotational axis fliereo^ a potentiom^er for sensing the di^lacemmt of the second cam 
memb^ first q)tines provided to the ext^iial peripheral surfice of ^ . 
rotary membei; and second splines provided to tiie internal p^phraal sur&ce of the 
. extonal rotary xrionber and meshed with the first ^lineSy^^^ 
force of the ixitanal rotary member is transimtted to the esctem^l rotary membor via the 
first cam member, second cam member, first splines, and second splines. 

[0006] 

[Operation of the Invoition] With the load seizing device thus configured, the 
di^lacement of the rotatably moving second cam member can be sensed by the 
potentiometer^ making it possible to sense the true load torque of a rotating load with the 
aid of a fixed potentiometer. In addition, the rotati<mal drive force of the internal rotary 
membo'is transmitted to the ext^nal rotary member via an intermediate rotary m^b^, 
making it possible to form the load sensing device outside of an existing internal rotary 
mraiber. -« . 

[0007) 

[WoridjagExan^les ] Woiidiigexaiiq>les of die preset iinrenticmwiU 
witti reference to drawings. 
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[ 0008 ] Fig. 1 is an exploded p^spective view dqiicting a worldDg example of the load 
soisiagdeWce in accordance vdfli&e present iaventi Fig.2isa6ont view d^icting 
the v/oiking example of the load sensing device in accordance with the presmt invention. 
This working ^can^le is described with refermce to a case in wlddi fbo present invention 
is used to sense a load torque ^plied to the rear ^iieel of an electrically assisted bicycle. 

[ 0009 ] In Fig. 1, an internal three-stq> shift gear 2 and a torque-sCTsing piece 3 are 
insoted into a c^indrical hub shell] . Spedfically, die internal three-step shift gear 2 and 
Ihe torque-sensing piece 3 have substantially cylindrical external stupes, and the internal 
thzee-stq> shift gear 2 is iiisoted into the torque-sensing piece 3. A tire is mounted on the 
hub shell 1 by means of q>okes or the like (nefth^ the tire iK>r&e spokes are s^ 
the drawing) to form the rear wheel of an electrically assisted bicycle* The pai^heral 
smiacc (sloping cam 2a) of the intmial tfaree-stq) shift gear 2 rqnesents the output 
element of an internal shifts and doubles as a jacket for the intonal Uxree-stq> shift 
gear 2. The sloping cam 2a is disposed at the ri^t end (Fig: 1) of the internal three-step 
shift gear 2, and flie. right end (Fig. 1) of the torque-sensing piece 3 is also provided with 
a sloping cam 3a. Hie sloping cams 2a and 3a ragage each other as a result of the fact 
that the internal fliree^stq) duft gear 2 is inserted into die forque-srasing piece 3 . 
. Rotational drive force is exoted by an electric motor (not shown) on the drive shaft 2c of 
the intonal ifaree-stq^ shift gear 2. The rotational drive feice is outputted to the sloping 
cam2a.aftcr being decelerated by the internal tfaree-stqi shift gear 2, and the sloping 
cam 2a is rotatably driven in the direction of arrow A. 

. [0010] Splines la are formed aroimd the iiiside of the hub sheU 1, and q)lines 3c ^ 
. formed on the outfflnost periphery ofthe torque-sensing piece 3. Theq[)lizi6s laand3c 

mesh with each odier when the internal diree-stq[> shift gear 2 and the torque^so^ing 

piece 3 are inserted into the hub shell 1. 

1 001 1 1 A groove 2b is formed in the Iowct portion (Fig. 1) of the intonal three^stq> 
shift gear 2, and a notch 3b is formed in the upper portion (Fig. 1) of the torque-sensing 
piece 3. Theupp^pwtion 4a of a spiral spring 4 is fitted into the groove 2b, and die « - 
. lowerj^rtion4boflfae^iralsprmg4i8irisertedintothen^ The spiral spring 4, 
deformed by the relative rotation of the internal diree-step shift gear 2 and die torque- 
. sensmg piece 3 , acts to r^um die two to their original positional relatioiL 

[0012] Apotmtiometa*Sisdiq)osed(fixed)onfheleftside(Fig. l)ofdie1orqueN 
SCTsing piece 3. The potentiometers is a rotary device w4iose resistance (or voltage) 
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output is proportional to the rotation of arotor 5c. A rod Sa is rotatably siq>ported on the 
rotorSc. The tq) 5b ofthe potentiometer Sis in contact witfittie end £ice 3d f&e 
torque*sensingpioce3. Because ofitsconfiguzation, the poteirtiometer 5 can sense the 
displaeoieat of the tOIque-sensa^g piece 3 along the ro 

I0013J When the sloping cam 2a turns in the dii^rtion of arrow A, the sl^^ 
(which engages the sloping cam 2a in the manner shown in Fig. 2) is pushed to the left in 
Fig, 2, The rdative positions of the sloping cams 2a and 3a are those in wfaidi/die 
rotational drive force of the sloping cam 2a and the urging force of tibe spiral spring 4 
cancel out eadi other. The drive torque q>plied by the sloping cam 2a to tiie sloping 
cam 3a is trai^mitted to the hub shell 1 while the spUnes 3c move axially inside the 
splines la (see Fig. 1), actuating the rear wheel The ccnresponding position of the 
sloping.cam 3a is sensed by the potmtiomet^ 5 as the dispIacCTiehi of the rod 5a, 
maldng it possible to s<mse the load applied to the hub shell 1 (rear wheel). The distance 
traveled by the rod 5a until it reaches the balanced position (that is, the sensing range of 
the potentiometer 5) can be arbitrarily selected by selecting the firing coefficient of die 
spiral firing 4. 

[0014,] Fig.3isatopviewdq>ictingthewo]idngexm9leoftheloads»s 
acc<»dance with tfiepresCTt invention. Fig.4isafiontviewdq»ctfaigtiiewQddng 
.example ofthe load sensing device in accordance with the present invent^ Figs.3and 
4 accurately depict portions omitted from Figs. 1 and 2 or shown only sdiematically 
these: To avoid rcdundancv. the same symbols are used to dfififgymte tb^ <v>ngtit^lfint 
membm identical to those shown m Figs. 1 and 2. 

[0015 ] The i»csent invention was described above with refaraice to a single worki^ 
exanq>le» but fiirflier modifications can be made based on the technical idea of tiie pzesent 
invmtion.. For. exan^le, the above woiidng exan^le was described with refermce to a 
case la^ndudi tiic load sensing device was mounted on tte rear-wheel hub, but mounting 
.tiie load sensirig device on a pedal crank is anodio' possibility. In sudi a case, the drive 
shaft 2c is the pedal crank ^indle. « * 

[001(5] In addition, the above working exanq>le was described widirefisre^ 
in ^ch the present invention was adapted to an elecbicaUy assisted bicycle, but tiie two- 
wheel vehicle is not the only option, and one-, three-, and four-\i4ieel vehicles sse also 
included. The drive source is not limited to an electric motor and may also be an intmial 
combustion engine. The potoitiometer 5 may also be rq>laced with a displacement- 
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seosing magnetic or optical seosoiy or with a strain gage for sensiiig die transverse 
displacement as force. 



(0017 J 

[ Merits of the Invention ] With the load sensing device oftiie present invaiti0n, the 
displacement of a rotatably moving second cam member can be seised by a 
potCTticnneter in the manner described above, making it possible to sense the true load 
torque of a rotating load with the aid of a fixed potentiometer. In addition, the rotational 

. drive force of an internal rotary monber is transmitted to an ext^nal rotaiy member via 
an intermediate rotary member, making it possible to fomi the load sensing device 

. outside of an existing internal rotary member (internal three-st^ shift gear). 

[ Brief Description of the Figures ] 

[ Figure 1 ] . An e3q)lod6d perspective view dq>icting a woildng example of the load 
. sensing device in accordance with die present inv«tioiL 

[ Figure 2 ] . A fiont view dqncting the working example of the load srasing device in 
accordance with the present invention. 

{ Figure 3 ] A top view depicting the working example of tiie load sensmg device in 
accordance with ifae present invention. 

[FigQre4] A fitmt view depicting die working example ofdie load sensing device in 
accordance with die present invention. 

IKeyJ 

Irhub. shell, la: spline, 2: internal fhree-step shift gear, 2a: sloping cam, 
2b: groove^ 2c: drive shaft, 3: torque-soising piece, 3a: sloping cam, 3b: notch, 3c: spline, 
3d: end fwc, 4: spiral ^ring, 4a: upper portion, 4b: lower portion, 5: potentiometer, 
Sa: rod, 5b: tip, Sc: rotor 
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(Figure 1] 




^ 1 : hub deD^ la: qjline, 2: intenial «hiee-s(9 shift gear, 2a: slop^ 
3: totquMoumg piece, 3a: sk)pii« catD, 3b: notch, 3c: 8{^^ 

S: poleotkMiKlB^ Sa: fod, Sc: nta 

[Figlire2I 
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|Figure3] 




[Figure4] 
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DOCUMENT-IDENTIFIER: JP 08271358 A 
TITLE: LOAD DETECTING DEVICE 



FPAR: 

CONSTITUTION: An interior three-stage speed change gear 2 and a 
torque, sensing 

piece 3 are. inserted into a hxto body 1. A tire is fitted to the 
hub body 1 via 

spokes to form the rear wheel of an electric bicgyd^ . The 
rotation driving 

force froBi a motor is fed to the drive shaft 2c of the speed 
change gear 2, it 

is decelerated by the speed change gear 2, then it is output ted 
to a slope cam 

2 to rotatively drive it. The driving torque applied to a slope 
cam 3a from 

the.slo^.e cam. 2a is transmitted to the hxto body 1 from a gpline 
3c via a spllng 

1 to drive • tixe rear wheel. The position of the slope cam 3a is 
detected by a 

potentiometer 5 as the displacement quantity of a rod 5a, and the 
load torque 

applied to the hub body 1 (rear wheel) can be detected. 



